Supplementary Figure 2. UV/Vis absorption features of clusters
(m+n=50) (for the dianionic adducts). Some of these ions exist in (a) also. in the minimum energy configuration (shown in Figure 3 and Supplementary Fig. 9 ) depicting that the overlap between the molecular surface or envelope of the ligands of the two clusters has maximal area of contact. PET is 2-phenylethanethiol and DMBT is 2,4-dimethylbenzenethiol. 
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Supplementary Notes Supplementary Note 1: Possible reason for the abundance of Ag13Au12(SR)18
Our DFT calculations show that substitution energy for an Au atom to occupy the I and the S positions of Ag25(SR)18 are almost the same which indicates that Au12 can be located in positions I or the S of Ag25(SR)18 with equal probability. Thus substitution of the twelve staple (S)/ icosahedral (I) Ag atoms in Ag25(SR)18 by twelve Au atoms produce Ag13Au12(SR)18. Hence, more of Ag13Au12(SR)18 could be formed as a result of Au substitution into Ag25(SR)18 on either at the I or at the S positions. Therefore, the probability of formation of Ag13Au12(SR)18 is higher due to the availability of two types of (I and S) twelve-atom sites for Au atoms.
Further, Ag13Au12(SR)18 can also be derived from Au25(SR)18 as a result of Ag substitution. Our DFT calculations shows that an Ag atom prefers to occupy the I position rather than the S positions. The complete substitution of all the I positions in Au25(SR)18 by Ag atoms would result in the formation of Ag12Au13(SR)18. The thirteenth Ag atom can occupy any one of the twelve S positions in the staples (note that C site (center of icosahedron) is least preferred for Ag atom substitution), resulting in the formation of Ag13Au12(SR)18. Thus the probability of the formation of Ag13Au12(SR)18 is higher due to the availability of the twelve staple (S) sites for the thirteenth Ag atom.
We do not think that the abundance of Ag13Au12(SR)18 is due to any shell closing effects as this abundance is observed only when the concentrations of the reacting clusters are comparable. Though this species was observed with higher abundance immediately after mixing (Figure 1c) , and it existed for about 5 min (Supplementary Figure 6 ), no such species was observed after 1h (panel i of Supplementary Figure 20) . Further, Supplementary Figure 20 shows that Ag13Au12 was not observed with any significantly higher abundance (even at higher concentrations of Au25), in contrast to what is seen in Figure 1c and Supplementary Figure 6 . These observations show that significantly higher abundance of Ag13Au12 is observed only for a few minutes after mixing the clusters. As the reaction proceeds, this species also undergoes further doping. If the observed abundance of Ag13Au12(SR)18 is due to its higher stability due to any shell closing effects, this species is expected to remain at higher abundance for longer time intervals of the reaction.
In summary, the Ag13Au12(SR)18 detected can be due to a number of isomers depending on (i) the cluster from which it is derived and (ii) the exact locations of the Ag12/Au12 and the thirteenth Ag/Au atom. However, standard mass spectrometry cannot distinguish all the isomers of the formula, Ag13Au12(SR)18. We think that the abundance of Ag13Au12(SR)18 could be due to the larger number of ways by which Ag13Au12(SR)18 can be formed.
Supplementary Note 2: General instrumental parameters used for ESI measurements
All samples were analyzed by Waters Synapt G2Si High Definition Mass Spectrometer equipped with electrospray ionization (ESI) and ion mobility (IM) separation. All the samples were analyzed in negative ESI mode. The instrumental parameters were first optimized for Au25(PET)18 and other samples were analyzed using the similar setting with slight modification depending on the sample. About 0.1 mg of as prepared samples were diluted with dichloromethane (DCM) to get about 10 µg/mL sample concentration and directly infused to the system without any further purification. The instrument was calibrated using NaI as calibrant for the high mass. The optimized conditions were as follows: was taken as the "ligand" i.e. the movable molecule whose degrees of freedom would be varied and Ag25(DMBT)18 as the "receptor" which was the fixed and completely rigid central molecule.
We assigned charges by following the procedure to Guberman-Pfeffer et al. 7 , with slight modifications. The charges of the C, H and S atoms of the ligands were derived from a two-stage RESP fitting procedure based on partial charges and geometry optimization of the protonated PET and DMBT ligands at B3LYP/6-31G(d,p) level of theory. We used the Bader partial charges of Au and Ag atoms from optimized structures of Au25(SCH3)18 and Ag25(SCH3)18. The optimization was carried out using GPAW with the PBE functional 8 and DZP (double zeta plus polarization) LCAO basis set. The Ag(4d 10 5s 1 ), Au(5d 10 6s 1 ), and S(3s 2 3p 4 ) electrons were treated as valence and the inner electrons were included in a frozen core. The GPAW setups for gold and silver included scalar-relativistic corrections. The grid spacing for the finite difference method was 0.2 Å. The convergence criterion of 0.05 eV/Å for the residual forces on atoms was used for the structure optimization, without any symmetry constraints. After optimization using an LCAO basis set, the finite difference grid method of GPAW was used to obtain more accurate values of electronic density for Bader charge calculations. The same method was applied to Ag25(DMBT)18 also. We made a correction to the calculated charges following GubermanPfeffer et al. 7 , except that we applied the charge correction factor for all the atoms except the central atom and hydrogen atoms. The equation used for obtaining the correction factor (δq) was:
Qtotal= 25Q(Au/Ag) + 144QC + 18QS + 162QH + 186δq…….. (1) where, Qtotal= total charge on the cluster (-1) Supplementary Fig. 8 ).
The 10 lowest minima structures that were obtained with binding free energies ranging from -4.62 to -17.53 kcal/mol with Au25(PET)18 in various orientations and at varying distances on various different sides the Ag25(DMBT)18. The free energies of binding were calculated by summing the intermolecular and internal and torsional terms and subtracting the unbound energy which is a calculation that is performed within the Autodock program. The relative orientation of the clusters in the minimum energy configuration is shown in Supplementary Fig. 11 and is such that the overlap between the molecular surfaces, or van der Waals envelope, of the ligands of the two clusters has maximal area of contact and their protrusions and pocket fit closely together in a lock and key fashion, as can be seen in Supplementary Fig 10. Two of the C5 axes are nearly aligned with each other as seen in Supplementary Fig 11. Strength of interactions between atoms in the staples of the two clusters in the minimum energy configuration can be partially gauged by comparing their interatomic distances to the sum of their van der Waals radii, since the attractive van der Waals interaction (-A/r -6 ) is stronger than the repulsive term (B/r -12 ) at distances close to and greater their van der Waals radii. 2-(see Supplementary Fig. 9 ), in which the vdW potential is explicitly included, are very similar to the orientation of the ligands in the DFT-optimized (with no vdW corrections) structure (see Fig. 3 in main manuscript), we concluded that the addition of vdW corrections to DFT optimization will not make a significant difference to the structure of the ligands of the dimer, or in other parts of the structure. Besides, our focus is not the dimer The shortest distances between the pairs of different types of metal and sulfur atoms (S-Au, SAg, Au-Ag) in the staples, shown in Supplementary Fig. 9 , of the two clusters in the adduct show that all these interatomic distances are greater than those needed for covalent bonding.
Thus in our force-field minimum geometry, only weak non-covalent interactions between (i) metal atoms of one cluster and sulfur atoms in the staples of the neighbouring cluster and (ii) the alkyl/aryl groups of the ligands of the clusters are only expected in this force-field global minimum geometry of adduct at this separation between I and II, unlike in the case of onedimensional chains of clusters 11 .
However, DFT optimization of the force-field global minimum of adduct ( Supplementary Fig. 12 and 13) revealed that the clusters I and II undergo significant structural distortions in the adduct geometry in terms of the bond lengths and bond angles. Moreover, the DFT-optimized geometry shows the formation of a weak bonding between Ag atom and the sulfur atoms in the staples of I and II. However, the local minimum in DFT-PES, shown in these figures, cannot be confirmed as the actual global minimum of the DFT PES of the dimer, without a complete search of PES but it is reasonable to assume that this would at least resemble in essential aspects such as the overall separation and orientation of the two clusters to one of the lower lying minima in the DFT PES. orbital overlaps, dipole-dipole interactions. Secondly, there is additional structural relaxation taking place through the structures resulting in distortions such as bond strain, angular and dihedral distortions in the core and staples, which lower the total energy below that of the sum of the DFT-optimized geometry of the two isolated clusters. However, we are unable to decompose the total energy into these different contributions.
Such a substantial energy reduction for an intermediate indicates that the overall reaction is also thermodynamically favorable.
